The aim of this study is to determine the hardness and roughness of glass ionomer cement, glass carbomer, and compomer by nanoindentation. Three different dental restorative materials: glass ionomer cement, glass carbomer cement, and compomer were used. Disc specimens (10 mm × 1 mm) were prepared from each material using teflon mold. All specimens were light cured according to the manufacturer's instructions. The specimens were then mounted in polyacrilic resin. After grinding and polishing the specimens were stored in distilled water at 37
Introduction
The response of a material against changes around is called "physical properties". Physical properties are analyzed in three groups: mechanical properties, thermal properties, and electrochemical properties [1] . Measurements can be made by applying testing and standards at the nanoscale with mechanical properties such as macro, micro, and advanced technology [2, 3] . Hardness, roughness, wear resistance, and fracture toughness are involved in those mechanical properties [1] [2] [3] [4] .
Hardness is called the resistance of a sample against the applied force indicating to this sample [5] . Hardness of restorative materials is important in order not to damage the surrounding tissues in contact in the mouth. Surface roughness (Ra) is a reason for external discoloration and is related to the type of restorative material.
In most conventional mechanical testing methods, measurement of multiple features in a single test is difficult [5, 6] . In studies on mechanical properties of dental materials using conventional testing methods the obtained penetration appears to be subjective because the direction and size of the applied force is based on the preference of the researcher [2] . Application of nanoindentation method of testing the mechanical properties of materials is an important development in dentistry.
Many restorative materials are produced as a result of the development of technology. Glass ionomer cement * corresponding author; e-mail: halenuronat@gmail.com (GIC) and compomer are the most preferred materials in pediatric dentistry [7] . Glass ionomer cement has a wide application area because of its advantages [8] . However, its use on permanent teeth at locations facing occlusal forces is restricted [8] . A restorative material called EQUIA™, GC ® managed to reduce the negative properties of GICs in recent years [9] .
Glass carbomer cement is manufactured to eliminate the negative properties of GIC -the most preferred restorative material in pediatric dentistry [10] [11] [12] . Nanosized particles and fluorapatite are among the ingredients of this new material [12] .
Compliance of a dental restorative material with dental hard tissue in regard of biological, chemical, mechanical and physical properties is an important issue for the success of treatment and clinical performance of the materials. Yet, the search for highly polishable restorative material with similar to dental hard tissue hardness properties continues in modern dentistry.
The aim of this study was to investigate the hardness and roughness of three different restorative materials on a nanoscale, to gain information and to assist on the understanding of the degradation of these materials on macroscale.
Materials and methods
The presented study examined 3 different dental filling materials. Specimens tested were prepared for nanohardness testing using high viscosity GIC (EQUIA, GC), compomer (Dyract eXtra, Dentsply) and glass carbomer (Glass Carbomer, GCP).
Twenty 10 mm thick parallel poly-methyl methacrylate (PMMA) cylinders with 50 mm diameter were fabricated. In the center of one of the flat surfaces of each cylinder block a 2 mm deep and 10 mm wide circular cavity was prepared and cyanoacrylate (CA) adhesive was applied on all of its margins. PMMA blocks were randomly divided into 3 groups with 3 cylinders each and the prepared cavities were filled with one of the tested dental filling materials, according to their group. Group 1. High viscosity GIC (GC, Japan) was used to fill the cavity; a capsule mixer (Linea Tac 400M) was used for 10 s for mixing prior to the application of the material with a Fuji Applicator. The specimen was subjected to a 1400 mW light heating procedure (Ultradent, USA) for 5 s during the chemical setting process.
Group 2. Compomer (Dentsply, USA) was used to fill the cavity; a compules tip gun was used. The specimens were subjected to a 1400 mW light heating procedure (Ultradent, USA) for 20 s during the chemical setting process.
Group 3. Glass carbomer (GCP, Holland) was used to fill the cavities; a capsule mixer (Linea Tac 400M) was used for 10 s for mixing prior to the application of the material with a GCP carboCAP Applicator. The specimens were subjected to a 1400 mW light heating procedure (GCP Carboled Lamp, Holland) for 60 s of light curing.
2.1. Nanohardness and surface roughness tests 24 hours after the application of each material, irregularities on the surfaces due to manual application procedures were smoothed mechanically by grinding with 1200, 2400 and 4000 grit sandpaper for 1 min durations, consecutively. Each specimen was subjected to the Vickers test 3 times at 24 h after material application. Nanomechanical tests of the materials were performed with Hysitron TI 950 TriboIndenter nanomechanical test instrument. This machine load resolution is less than 1 nN and displacement resolution 0.04 nm. The Berkovich diamond indenter tip was used for measuring the mechanical properties (nanohardness) of specimens. The tip was calibrated with a fused quartz reference sample. In order to record the morphological images of the indents, the nanoindenter was also operated in scanning probe mode (SPM). Surface roughness of the samples was measured using SPM. In this study, maximum load was determined as 6000 µN under a loading/unloading rate of 1200 µN/s, and the load was held at each maximum value for 2 s. For a particular load at least 6 indentation tests were conducted on the sample surface to increase the reliability of the experimental results. The Oliver-Pharr [13] method was used to analyze the nanoindentation load-displacement curves. In this model contact area and nanohardness were defined as H nano = Pmax A , A c = 24.5h 2 c .
Results
Applied indentation test load-displacement curves during nanoindentation tests for the restorative materials are shown in Fig. 1 and an image is shown in Fig. 2 . Table I . The hardness values of compomer and carbomer groups were similar. The hardness values of GIC were the highest among the groups. The roughness values of GIC cement and compomer were similar and higher than glass carbomer cement. The smoothest surface was observed in the glass carbomer cement group.
Discussion
A high compliance of biological, chemical, mechanical, and physical properties of the dental restorative materials with dental hard tissues is of great importance in terms of success of treatment and its clinical performance to the dental practice [14] . The fact that the restorations placed in occlusal areas are subjected to masticatory forces is related to the hardness of a material and that property needs to be similar to that of the enamel and dentin tissue for the good of the treated teeth and their healthy antagonists. It was reported that nanohardness of dental tissues was in different value range as enamel was 3.6-5.7 GPa and dentine was 0.5-1.1 GPa, whereas composite is 0.5-2.2 GPa and GIC is 0.31-1.9 GPa, for example [15] [16] [17] [18] [19] [20] . In our study, as a result of the comparison of dental materials, it was observed that compomer (0.780 GPa) and glass carbomer cement (0.603 GPa) had different mechanical properties compared to GIC (1.863 GPa). GIC had the most approximate values to that of permanent tooth enamel's mechanical properties.
The surface roughness of restorative materials is a property that should be noticed in terms of retention and proliferation of bacteria in mouth environment. Bollen et al. [21] reported that the rough surface of the tooth should be less than 0.20 µm. In our study, glass carbomer and compomer were below this value, and GIC was exactly at the limit. The surface roughness of compomer was higher than glass carbomer therefore closer to GIC in terms of roughness. In a study carried out by Arslanoglu et al. [22] , it was reported that the glass carbomer at micro level had less surface roughness than GIC. The nanovalues in terms of roughness obtained from this study support those results. The high polishing ability of glass carbomer may be attributed to the high rate nanoparticles contained in the glass material. As highly polishable dental materials retain less residue of foreign material contamination that may often be a cause of biological pigmentation on tooth colored surfaces due to pigment penetration on rough areas, it may be speculated the color properties of glass carbomer may last for longer than the other tested restoratives in this study without early discoloration.
Conclusion
The GIC with high viscosity (EQUIA) can be used as an alternative to compomer especially in pediatric dentistry regarding its high standard biomechanical properties. The glass carbomer is not different from nanomechanical structure point compared to compomer, and both materials have similar properties to dentine rather than enamel dental hard tissue.
